Introduction 4 7
In the dairy industry, it is currently common practice to feed a high-concentrate (HC) 4 8 diet to lactating cows or goats to meet their energy requirements to support high milk 1 3 4
tube and kept on ice until transported to the laboratory for the initial processing before × g for 10 min at 4°C immediately after collection and the supernatant was collected. To analyze VFA in ruminal fluid, a 5-mL aliquot was deproteinized with 1 mL of 25% 1 3 8 metaphosphoric acid. These samples were stored at -20°C until analysis. The concentration of LPS in rumen fluid was measured by a Chromogenic End-point In the 19 th week, blood samples were collected from the jugular vein, hepatic vein and 1 7 2 50-mL milk sample was taken to determine the lactose content once a week of College of Animal Science and Technology at the Nanjing Agricultural University. In the 19 th week, mammary gland tissues were obtained by biopsy after 4 h after the 1 7 7 morning feeding. Local anesthesia (2% lidocaine hydrochloride) was administered 1 7 8
into breast skin in a circular pattern surrounding the incision site, then a 2cm incision 1 7 9
was made and mammary gland tissue was dissected. Tissue samples (500-800 mg) 1 8 0
were rinsed with 0.9% saline, snap frozen in liquid nitrogen and were used for RNA expressed as the fold change relative to the mean value of the control group. Total protein was extracted from frozen liver samples, and the concentration was 2 0 2 determined using a bicinchoninic acid (BCA) assay kit (Pierce, Rockford, IL, USA).
0 3
We isolated 30 µg of total protein from each sample, which was subjected to rb-anti-glucose transporter type 12 (rb-anti-GLUT12, ab100993, Abacm). A 2 1 0 rb-anti-GAPDH primary antibody (A531, Bioworld, China, 1:10,000) was also 2 1 1 incubated with the blots to provide a reference for normalization. After washing the 2 1 2 membranes, an incubation with HRP-conjugated secondary antibody was performed 2 1 3
for 2 h at room temperature. Finally, the blots were washed, and the signal was Signal West Pico Trial Kit, Pierce, USA). The ECL signal was recorded using an 2 1 6
imaging system (Bio-Rad, USA) and analyzed with Quantity One software (Bio-Rad, 2 1 7 USA). The results were expressed as mean ± SEM. weeks of treatment compared to the HG group ( Fig. 1) .
The buffering agent treatment stabilized ruminal fluid pH in lactating goats fed a 2 3 9 high-concentrate diet 2 4 0
After feeding 19 weeks, the dynamic pH curve in the BG group was higher than that 2 4 1 in the HG group during the long-term experiment. It showed that a pH value under 5.8 2 4 2 lasted for 6 h in the HG group, which indicated that SARA was successfully induced.
4 3
The pH value of the BG group was significantly increased in comparison to those in As shown in Table 3 , BG goats showed significantly lower level of LPS concentration 2 4 9 transporter type 8 (GLUT 8), glucose transporter type 12 (GLUT12) and 2 7 1 sodium-glucose cotransporter 1 (SGLT1) were also higher in the BG goats compared 2 7 2 to expression in the HG goats. In particular, expression of GLUT1 and SGLT1 were 2 7 3 significantly higher than that in the HG goats (P < 0.05). The level of GLUT1 protein 2 7 4 expression in the mammary gland was significantly up-regulated in BG goats 2 7 5 compared to HG (P < 0.05). Additionally, there was a tendency increase in protein 2 7 6 expression of GLUT12 in BG goats ( Fig. 3 ).
7 7
The buffering agent treatment increased production of glucose in the liver 2 7 8
We next examined glucose in plasma obtained from the jugular vein, hepatic vein and 2 7 9 portal vein of both treatment groups. After 19 weeks feeding, the jugular and hepatic 2 8 0 vein content of glucose was significantly increased in the BG group compared to the 2 8 1 HG group (P < 0.01). The portal vein content of glucose was increased, but there was 2 8 2 no significant difference between BG and HG groups. Compared to HG group, we 2 8 3 found that the glucose content of BG group was significantly higher in the hepatic 2 8 4 vein compared to the portal vein (P < 0.05, Table 5 ). This indicates that more glucose 2 8 5
is produced in the liver. It is possible that the synthesis of glucose was activated 2 8 6
following treatment with the buffering agent. We found that the mRNA expression of phosphoenolpyruvate carboxykinase (PEPCK) 2 9 0 and pyruvate carboxylase (PC), glucose-6-phosphatase (G6PC) was higher in the BG 2 9 1 goats compared to expression in the HG goats. In particular, expression of PEPCK and 2 9 2
G6PC were significantly higher than that in the HG goats (P < 0.05). The level of 2 9 3 PEPCK protein expression in the liver was significantly up-regulated in BG goats 2 9 4 compared to HG (P < 0.05). This is consistent with our previous observation that 2 9 5 PEPCK mRNA expression increases in BG goats (Fig. 4) . Taken together, these results 2 9 6
suggested that treatment with the buffering agent promoted the gluconeogenesis in the In recent years, dairy goats are often fed HC diets to meet the energy demand for high The NaHCO3 could increase the buffering capacity and prevent acidosis in the rumen.
1 4
It was reported that the rumen pH profile improved and a higher yield of milk and 3 1 5 milk solids when NaHCO3 was supplemented to a high-concentrate diet [21] .
3 1 6
Previous studies indicated that the addition of NaHCO3 and MgO to 3 1 7
restricted-roughage rations for goats could increase the content of lactose and milk 3 1 8
yield [22] . Prolactin is involved in the development of the mammary gland, and the 3 1 9
start and continuation of lactation by influencing lactogenesis. It is responsible for the 3 2 0 synthesis of the lactose and milk production found in milk [23] . In our experiment, the 3 2 1 duration of a rumen pH less than 5.8 lasted for 4h in the goats fed a high-concentrate 3 2 2
diet. According to the definition of experimental SARA, HG goats were suffering 3 2 3 from SARA disease. However, after feeding 19 weeks, the buffering agent added to the BG group. The concentrations of prolactin in blood was also markedly increased. Therefore, its increased levels in the blood are associated with milk yield and lactose 3 2 8 content improvement.
3 2 9
It is well known that the feeding of HC diets leads to the translocation of LPS from 3 3 0 gram-negative bacteria in the gastrointestinal tract into the circulating blood. Other 3 3 1 studies showed that feeding a diet containing 60% concentrate to lactating goats status of liver function 27 . In particular, ALT is a specific parameter that reflects 3 3 7
hepatocyte damage. In the present study, we observed that feeding of a HC diets Furthermore, our data demonstrated that the feeding of a HC diets significantly AKP in peripheral blood were also higher in the HG goats compared to the BG goats. hepatocytes releasing these enzymes into the circulation. Importantly, the results 3 4 7
showed that those pro-inflammatory cytokines, LPS, TNF-α and IL-1β in the plasma 3 4 8 of the BG goats were significantly lower than that in the HG goats. Therefore, we 3 4 9
hypothesized that the buffering agent added to the high-concentrate diet reduced the 3 5 0 release of the rumen LPS and stabilized the body health of lactating goats.
3 5 1
Compared to monogastric animals, glucose is supplied primarily by hepatic 3 5 2 gluconeogenesis to maintain stable blood glucose content in the ruminants 10 . Therefore, the liver plays a crucial physiological role in the body, and is responsible for glucose metabolism. Our study documented that feeding HC diet to lactating goats increases the consumption and catabolism of glucose in liver [28] . GH is a polypeptide 3 5 7 hormone synthesized and secreted by the anterior pituitary gland, which plays a key that the increased proportion of propionate may be related to glycogenesis in ruminant.
6 9
Because most VFA emerge in the portal vein after absorption from the digestive tract 3 7 0
[33], alterations in proportion of propionate influence the gluconeogenesis in the liver. Therefore, the liver gluconeogenesis plays a crucial physiological role in maintaining 3 7 2
the body blood sugar levels, as it is the main organ for glucose storage, in the form of propionate to butyrate was increased in the BG group. We also observed that the indicating that gluconeogenesis in the liver was increased. In addition, the BG diets Taken together, these findings suggest that the feeding of BG diets can promote liver increased entry of glucose into the blood through the hepatic vein. In lactating animals, providing glucose for the mammary gland is a metabolic priority 3 8 7
because glucose is the primary precursor for lactose synthesis in the mammary gland. acidosis in dairy cows: The physiological causes, incidence and consequences. The Feeding a high-grain diet reduces the percentage of LPS clearance and enhances 5 0 7
immune gene expression in goat liver. BMC Vet Res 11, 1. Comparative proteomic analysis of the effects of high-concentrate diet on the 5 2 7
hepatic metabolism and inflammatory response in lactating dairy goats. J Anim Sci 5 2 8
Biotechnol 7, 5. Effects of lactation and pregnancy. Biochem J 274, 21-26. 
